Introduction
A queueing system can be regarded as consisting of three entirely separate components: an arrival lobby through which all arrivals pass unheeded instantaneously at the time of their arrival, the queue facility consisting of the actual waiting line and the service mechanism, and a departure lobby through which all customers pass immediately following their service completion. The arrival doorman, the queue supervisor and the departure doorman supervise and observe their respective components. A doorman is permitted to view the queue facility only when a customer moves through the lobby under his control. Each of these supervisors has an entirely different view of the queueing process.
In this paper we assume that the queue-length process, as seen by the queue supervisor, is a Markov renewal process (MRP) with arrivals and departures occurring singly. The only realistic practical situation where this holds is the class of birth-death queueing models. For continuous-time birth-death queues arrivals and departures cannot occur simultaneously (with probability 1) and consequently this system is a special case of the model considered in [6] with no feedback. For discrete-time birth-death queues, however, arrivals and departures may occur at the same time and consequently we need to utilise the full generality of the feedback model presented in [6] to examine the embedded Markov chains present in the system. From Part I [6] we deduce that that queue-length processes as seen by the arrival and departure doormen are also MRP. Furthermore the results of this earlier paper enable us to examine the stationary and limiting properties of the embedded Markov chains. The main thrust of this paper is, however, centred around the properties of the continuous-time semi-Markov processes (SMP) associated with each embedded MRP. We carry out this study under the restriction that the queue-length process, observed by the queue supervisor, changes by either +1 or -1 at any transition epoch, ruling out feedback-type queues. This enables us to find explicit expressions for the elements of the semi-Markov kernels of each MRP. The relevant general theory is covered in Section 3 and its subsections. Section 4 summarises the results as they pertain to birth-death queues including the well-known M/M/1/N and MI/M/1 queues. This paper gives a unified presentation for such models. The approach taken enables us to derive rigorously some of the 'folklore' results as well as to obtain some new results.
Description of the model
Let X(t) be the number of customers in the queue facility at time t. Let {T,, n O0}, with To 0, be the epochs at which X(t) changes value and X, X(T, +), the number of customers in the system following the nth transition. We assume that {(X,, T,); n > -0}
is an MRP with semi-Markov kernel (or matrix) Qx(t) [Q1i(t)] and state space f= {0, 1, ... , N}, (Noo). In developing the results of this paper we assume, in general, that N is finite. The arguments can, in most cases, be extended to cover the case of unlimited waiting rooms, when N=oo, but care must be taken. A discussion of the appropriate generalisation is presented at the conclusion of each section throughout the paper. By using Theorem 8 of [6] or by solving the appropriate stationary equations we obtain, after simplification, the following results. 
